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ABSTRACT 
Objective: An aqueous-organic precipitation technique was developed for preparing bioadhesive hydroxypropyl methylcellulose (HPMC) 
microparticles for nasal delivery using a low viscosity grade of HPMC K100LV.  
Methods: The method involved the preparation of HPMC microparticles by precipitating the gelled HPMC into acetone. The effect of different 
processing variables of precipitation technique on in-vitro bioadhesive performance of HPMC microparticles was studied. 
Results: In-vitro assessment of adhesion properties of the microparticles showed that the process of co-precipitation greatly increased the 
adhesiveness in comparison with unprocessed HPMC powder. Bioadhesive performance was found to be dependent on the dehydrated state of the 
polymer following precipitation, with the most dehydrated formulations using the slowest (dropwise) rate of addition of the HPMC gel to acetone, 
showing lower water uptake and greater adhesive performance. It would be expected therefore, that the interaction of acetone and water would be 
instantaneous and complete, resulting in an extremely efficient dehydration process and a collapse of HPMC matrix structure, forming a physical 
barrier to subsequent rehydration.  
Conclusion: This formulation afforded the highest bioadhesion score in the test employed, which was designed to represent the dynamic interplay 
of hydration, entanglement of polymer and mucin, and rheological flow which a formulation would experience on the nasal mucosal surface.  
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INTRODUCTION 
The nasal route is considered an attractive alternative to parenteral 
administration, for reasons which include direct entry to the 
systemic circulation for nasally administered drugs, avoidance of 
first-pass metabolism, the high total blood flow and a large mucosal 
surface area providing ideal conditions for absorption[1]. 
Mucociliary clearance is the main drawback of this route, clearing 
formulations from the nasal cavity in approximately 21 minutes 
[2,3]. The use of bioadhesive delivery systems promotes adhesion of 
the formulation to the nasal mucosa, allowing an extended period of 
contact for drug absorption to occur. Bioadhesive polymers such as 
cellulose derivatives have the ability to absorb water and swell as a 
result of their hydrophilic nature, and the swollen polymer chains 
can then interact and tangle with the glycoproteins of mucin by 
hydrogen bonding, altering the properties of the mucous layer and 
reducing the rate of mucociliary clearance [4,5]. Excessive hydration 
can be detrimental[6-8], and lead to decreased mucin adhesion 
and/or retention due to the formation of smooth mucilage [9].  
Hydroxypropyl methylcellulose (HPMC) is a cellulose polymer which 
has been used in mucoadhesive formulations to overcome rapid 
clearance and thereby increasing the time for permeation[10-13]. 
Increasing the viscosity of the formulation will increase residence 
time but can decrease the penetration rate of the drug into the 
mucus, and may influence the surface area over which the drug can 
spread on the nasal mucosa for absorption[6,14,15]. McInnes and 
co-workers formulated low viscosity HPMC K100LV as a bioadhesive 
nasal insert in a concentration of 2%. This grade showed low in-vitro 
adhesion that no data could be collected as it had hydrated and 
travelled to the bottom of the test surface before the first 
measurement[16]. Pennington and co-workers formulated HPMC as 
a viscous nasal spray solution to decrease its clearance rates from 
the nasal cavity of healthy subjects to achieve 2.2 hours half-
time[13]. Polymer based powder formulations such as 
microparticles allow easy application of highly mucoadhesive 
materials to the nasal cavity by metered dose insufflation, when 
compared to the viscosity limitations of the liquid when 
administering as a spray[17]. Thus, microparticles are attractive as 
carriers for sustained release of drug molecules[18], which can be 
administered via insufflation, allowing adjustment of the drug 
concentration released with time in the nasal cavity, and enhancing 
the therapeutic efficacy of the compound[19]. It has been suggested 
that the particle size should be lower than 100µm [20,21] to produce 
efficient absorption and enhanced bioavailability of the drugs as a 
result of high surface to volume ratio and much more intimate 
contact with the mucus layer[22]. A wide range of literatures 
reported the preparation of bioadhesive microparticles for nasal 
delivery using either spray drying[23,24], solvent evaporation[25-
27] or coacervation /phase separation[28-30]. However, co-
precipitation techniques have not been widely reported and the 
basis of this work was to evaluate a precipitation technique to 
produce bioadhesive polymer microparticles as the basis for future 
development as co-precipitated drug-polymer formulations. The 
choice of the solvents used for HPMC precipitation and their ratio 
with water was taken into account since this polymer has certain 
solubility in aqueous-organic solutions[31,32]. Previous literature 
reports have suggested that the low viscosity grade of HPMC, K100LV 
showed poor bioadhesive performance, and it was hypothesized that 
this performance could be improved by utilization of appropriate 
processing methods. Different analytical methods were used to identify 
the physiochemical changes of HPMC in processed microparticles in 
comparison to unprocessed polymer, and explain their resultant 
performance as a bioadhesive formulation.  
MATERIALS AND METHODS 
Materials 
HPMC powder (K100LV) was a gift from Dow Chemicals Ltd, 
Michigan, USA. Acetone and porcine stomach mucin type II was 
purchased from Sigma-Aldrich, Dorset, UK. Ultra-pure agar and 
Parafilm® were purchased from VWR, Poole, UK. Distilled water was 
produced in house.  
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Preparation of HPMC bioadhesive microparticles  
Initially, an aqueous gel of HPMC was prepared in a concentration of 
4% w/w. The appropriate weight of HPMC was added to 
approximately one third of the final amount of distilled water (DW) 
required, maintained at a temperature of 80-90ºC. The mixture was 
stirred until a uniform solution was obtained, following which the 
remaining water was added. The solution was again stirred until a 
uniform gel was obtained. The resultant gel was stored at 4°C 
overnight before use to allow air bubbles to dissipate. 
A 10ml volume of HPMC gel was dropped into 200ml of the 
precipitating agent, acetone in a ratio of 1:20, at a rate of 10ml/hr 
using a syringe pump (SP, Cole-Parmer, London, UK) with a 23 
gauge needle. During addition of the HPMC gel, the precipitating 
agent was agitated by a high shear mixer Silverson SL 2T 
(Silverson, Waterside, UK) using an 8000 rpm stirring speed for 
one hour to obtain microparticles (formulation B, Table 1). The 
beaker used for preparation was covered with Parafilm during 
dropping, in order to prevent evaporation of the precipitating 
agent. Microparticles were collected by filtration using a Buchner 
funnel and water vacuum. Following filtration, the sample was left 
in a fume hood until dry before being placed in a vacuum oven for 
6 hours to evaporate any residual solvent entrapped within the 
formulations. All formulations were stored in an airtight sealed 
container until further analysis. The percent yield of all 
formulations was calculated using Equation 1.  
% 𝐘𝐘𝐘𝐘𝐘𝐘𝐘𝐘𝐘𝐘 = 𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐘𝐘 𝐘𝐘𝐝𝐝𝐘𝐘𝐘𝐘𝐘𝐘 𝐰𝐰𝐘𝐘𝐘𝐘𝐰𝐰𝐰𝐰𝐀𝐀 𝐨𝐨𝐨𝐨 𝐦𝐦𝐘𝐘𝐀𝐀𝐝𝐝𝐨𝐨𝐦𝐦𝐀𝐀𝐝𝐝𝐀𝐀𝐘𝐘𝐀𝐀𝐘𝐘𝐘𝐘𝐜𝐜 𝐰𝐰𝐀𝐀𝐘𝐘𝐠𝐠𝐘𝐘𝐘𝐘
𝐀𝐀𝐰𝐰𝐘𝐘𝐨𝐨𝐝𝐝𝐘𝐘𝐀𝐀𝐘𝐘𝐀𝐀𝐀𝐀𝐘𝐘
𝐰𝐰𝐘𝐘𝐘𝐘𝐰𝐰𝐰𝐰𝐀𝐀 × 𝟏𝟏𝟏𝟏𝟏𝟏                                                              
Eq. 1 
Effect of preparation technique 
Table 1 summarizes the formulation and processing variables 
studied. The effect of agitation force in the precipitation step on the 
performance of the resultant microparticles was examined by 
replacing the high shear method (H) described in 2.2.1 with a low 
shear magnetic stirrer (M) (BibbySterilin Ltd, Staffordshire, UK). 
The effect of direct addition (DA) of the entire HPMC gel to the 
precipitating agent rather than gradual addition using a syringe 
pump (GA, preparation of HPMC microparticle section), using either 
high or low shear mixing was studied. 
A non-gelled (NG) formulation was prepared by immediate addition 
of acetone to HPMC powder sprinkled on water, to study the role of 
the hydrated gel in the properties of the resultant microparticles. 
HPMC powder was also directly added to acetone in the absence of 
water, using a low shear magnetic stirrer, to examine further the 
role of water in the formulations. 
  
Table 1: Processing technique variables for preparation of HPMC microparticles 
Formulation Concentration of HPMC (%w/w) Volume of acetone (ml) Technique used 
A HPMC ― ― 
B 4 200 GAH 
C 4 100 GAH 
D 4 50 GAH 
E 4 200 DAM 
F 4 100 DAM 
G 4 50 DAM 
H 4 200 DAH 
I 4 100 DAH 
J 4 50 DAH 
K 4 200 NG 
L 400 mg 200 DAM 
GA= Gradual addition, DA = Direct addition, NG = Non gelled, H = High shear mixing, M = Low shear mixing. 
 
Acetone volume: The dehydrating effect of the precipitating agent 
(acetone) on the aqueous HPMC gel was assessed using different 
volumes of acetone as shown in Table 1, to study the effect on the 
physical properties of the resultant HPMC microparticles. 
In-vitro dynamic adhesion 
In order to examine the mucoadhesive potential of the HPMC 
microparticles, an artificial nasal mucosa was prepared using a 
concentration of 1% agar and 2% mucin w/v according to methods 
described elsewhere[33,34]. Separate agar and mucin solutions 
were prepared, following which the agar solution was left to cool 
down to 50°C before adding the mucin solution with stirring. The 
mixture was then rapidly poured into plates of 25×25cm and left for 
1 hour to set. Following this, the plates were wrapped with cling film 
to prevent evaporation of water from the media, and stored in the 
fridge at 4°C overnight to standardize the media to be used for 
dynamic adhesion measurements the following day.  30g of HPMC 
powder or microparticles were placed at the top of the plates. Then, 
a force of 0.05 N was applied to each sample for 60 seconds. All 
plates were re-wrapped with cling film to prevent any change in the 
humidity or drying out of the adhesion medium environment for the 
duration of the experiment. The plates were tilted to an angle of 80° 
and the samples allowed sliding down the plate, representing the 
direction of movement within the nasal cavity[33,34]. The distance 
travelled by the samples with time was measured and used as an 
indication of extent of bioadhesion. The inverse of the slope of the 
resultant distance versus time curve was used as an indicative value 
of the extent of bioadhesion of all formulations in Table 1[16]. 
Scanning electron microscopy (SEM) 
SEM images were obtained for HPMC powder (A) and 4% HPMC 
microparticle formulations (B, E, H and K, Table 1) to study the effect 
of different precipitation variables and water addition on the 
morphology of HPMC in the microparticles. Samples were prepared by 
sprinkling on 10 mm aluminum stubs mounted with double sided 
copper tape. Samples were coated with gold using a sputter coating 
system (Polaron SC 515, Ashford, UK). Observations were made with a 
JEOL 6400 SEM operating at 6KV using the secondary electron mode.  
Differential scanning calorimetry (DSC) 
DSC (DSC822e
Table 1
 Model; TA controller TC15, Mettler-Toledo Ltd., 
Leicester, UK) was used to study the effect of process and 
formulation variables described in on the thermal behavior 
of the resultant HPMC microparticles in comparison to HPMC 
powder. A method described by Okhamafe and York (1985), was 
used to obtain an accurate measurement of the glass transition 
temperature (Tg) of HPMC.  
Samples were exposed to a heating rate of 15-125°C at 10°C/min 
and then held for 10 minutes at 125°C to remove any moisture from 
the sample that may obscure the Tg. Afterwards, the sample was 
quenched cooled to -40°C and held at this temperature for 5 minutes 
before heading to 250°C at a rate of 20°C / min[35]. The software 
(Stare system, Mettler-Toledo Ltd., Leicester, UK) was used to 
calculate the Tg and integrate the endothermic peak between 20-
120°C. 
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Dynamic vapor sorption (DVS) 
Dynamic vapor sorption (Surface Measurement System, SMS Ltd., 
Alperton, UK) was used to study the effect of the processing 
techniques described in Table 1on the ability of HPMC microparticle 
formulations absorb water, and important property in situ in order 
to rapidly form a gel which can overcome mucociliary clearance. 
Samples weighing 8-10 mg were loaded on to the pan and the 
program was set to control the humidity at 0% RH, followed by 
increasing RH in 10% increments to 95%. The RH was then 
decreased through the same steps, and the temperature maintained 
at 25 ±0.5°C throughout the cycle. A sorption/desorption profile was 
obtained from the DVS software (Surface Measurement System, SMS 
Ltd., Alperton, UK), and the overall mass increase of the sample (in 
relation to the dry weight) at 95% RH was calculated to assess the 
extent of water vapor sorption. 
Nuclear magnetic resonance spectroscopy (NMR) 
1
Table 1
H-NMR (Delta V 4.3.3,ECX-400MHz, Jeol, Tokyo, Japan) was used to 
elucidate any chemical shift, solvent peak (acetone) and number of 
protons or hydrogens (H-bonding groups) of HPMC formulations in 
 in comparison to unprocessed HPMC powder as a result of 
aqueous-acetone co-precipitation techniques. 20 mg of solid samples 
were weighed and left in water-vacuum desiccators overnight to 
extract any moisture. Later, they were dissolved in 1.5 ml of 
deuterium oxide (D2
Statistical analysis 
O) and left sealed overnight to complete their 
dissolution. The solutions were transferred into NMR tubes to be 
analyzed using the NMR apparatus. A pre-saturation method of 
single pulse was used for the analysis. 
A T-test was used for two samples of equal variances, to analyze the 
significant differences among formulations by changing one factor. 
This test was used for all analytical studies in this work. The 
differences were considered significant when the probability was P ≤ 
0.05. 
Results and discussion 
Physical properties of microparticles 
The percent yield of formulations prepared by precipitating 10 mls 
of HPMC solution precipitated in the highest volume of acetone, 200 
ml, was 80-90%.When lower volumes of acetone, 100 and 50 ml 
were used the yield decreased to 60-70%. This suggests that a larger 
proportion of the HPMC gel remained soluble in the aqueous-organic 
mixtures in solvent ratios less than 1:20.  
The physical appearance of the precipitated microparticles was 
visually different depending on the processing method used. The 
HPMC in aqueous-acetone medium produced discrete 
microparticles, whereas the GAH method resulted in hard 
microparticles that aggregated to form macroparticles. The DAM 
method produced film like structures of aggregated macroparticles. 
The DAH technique produced material with characteristics of both of 
hard microparticles that aggregated to form macroparticles and film 
like structures of aggregated macroparticles. For formulation K 
where HPMC only had transient contact with water prior to addition 
of acetone (NG), a mixture of fine particles and sheet like structures 
were produced. 
In-vitro dynamic adhesion 
The effect of preparation method (GAH, DAM or DAH) on the 
dynamic adhesion of the processed polymer is shown in Fig. 1. The 
inverse slope of the linear part of adhesion curves in Fig. 1 was used 
for quantification of the bioadhesive potential. 
The dynamic adhesion of processed HPMC microparticles was 
higher than for HPMC powder. This suggests that the process of 
dropping or mixing HPMC aqueous gel directly into acetone and 
subsequent drying produced this increase in the bioadhesive effect. 
However, particle size and morphology may also play a role, since 
the above studies compare discrete particles of HPMC powder, with 
aggregated materials produced on processing. The dropping 
technique (GAH) applied in formulation B resulted in higher in-vitro 
bioadhesionin comparison to the other two methods of precipitation 
DAM (formulation E), and DAH (formulation H). 
 
 
Fig. 1: In-vitro dynamic adhesion of HPMC powder and 
microparticle formulations, n=6. 
 
The dynamic adhesion profiles of HPMC microparticle formulations 
E, F and G (DAM, using different volumes of acetone), and compared 
with HPMC powder are illustrated in Fig. 2. 
 
 
Fig. 2: In-vitro dynamic adhesion of HPMC powder (A) and DAM 
formulations, n=6. 
 
As the volume of precipitating agent increased, the dynamic 
adhesion increased significantly. This suggests that the hydrophilic 
nature of acetone caused rapid dehydration of the HPMC aqueous 
gel according to its volume[36]. 
Fig. 3 summarizes the effect of the different processing variables on 
the dynamic adhesion of all HPMC formulations, as the adhesion 
increases the 1/slope value increases. 
To examine the effect of water and hydration of HPMC prior to 
addition to acetone, HPMC powder was treated with acetone in the 
absence of water, and also in a process allowing partial hydration by 
sprinkling HPMC onto water followed by rapid quenching with 
acetone, as described in the effect of preparation technique section. 
The dynamic adhesion data for these variables are shown inTable 2 
Treating HPMC powder with acetone afforded an uncertain 
enhancement in adhesion properties, while transient contact with 
water in formulation K produced a significant increase over HPMC 
powder, although not of the magnitude of material from the 
precipitation process using dropping technique (GAH, formulation 
B). It is hypothesizedthat the presence of water initially with HPMC, 
before addition to acetone was important to modify the bioadhesion. 
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Fig. 3: Effect of manufacturing variables on the dynamic 
adhesion of HPMC microparticles. 
HPMC molecules have the ability to absorb water due to the OH 
groups in its structure. With the completely gelled HPMC, there is a 
complete network of water surrounding the polymer. In such 
network, a water molecule may concurrently form hydrogen bonds 
with two or more polar groups on the polymer surface, in that way 
becoming highlyimmobilized[37].  
It was proposed that precipitation with acetone caused complete 
and rapid dehydration of this system, effectively immobilizing the 
expanded steric structure of the HPMC, leaving hydrogen bond 
forming moieties exposed for subsequent interaction with water 
and/or mucin. 
Scanning electron microscopy 
Representative SEM images of HPMC powder and HPMC 
microparticles precipitated by acetone using different processing 
variables are shown in Fig. 4. The HPMC microparticles were 
morphologically dissimilar, depending on the method of preparation 
employed. 
 
Table 2: In-vitro dynamic adhesion values HPMC microparticles, n=6 
Formulations HPMC forms  Precipitation method, 200ml acetone 1/Slope (min/cm) Regression (r²) 
L Powder alone DAM 4.60 ±0.06 0.9401 
K Powder sprinkled on water NG 9.35 ±1.3* 0.9862 
B Aqueous gel GAH 15.85 ±4.1* 0.9912 
* P value ≤ 0.05 
 
 
Fig. 4: SEM images 
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Different matrixes were formed according to the precipitation 
technique used. Dropping of HPMC aqueous gel into acetone using H 
mixer (GAH method) formed a continuous structure as shown for 
formulation B. A similar structure was observed for formulation H, 
although slightly smoother in appearance, when HPMC aqueous gel 
was added to acetone using the same mixer (non-dropping, DAH 
method).  
While mixing of HPMC aqueous gel with acetone (non-dropping) 
using M stirrer (DAM method), produced a smooth sheet like 
structure as shown for formulation E. HPMC microparticles 
(formulation K) which involved the addition of acetone directly to 
HPMC sprinkled on water (NG method) using M stirrer produced a 
little difference in places by maintaining a more open polymer 
structure as unprocessed HPMC powder. 
Differential scanning calorimetry 
HPMC has a broad endothermic peak between 20-110°C, and the 
evaporation of water can be identified by DSC between 80-125°C. 
Therefore any increase in the depth of the endothermic peak at 20-
125°C can be helpful in determination the level of hydration or 
dehydration of the processed polymer. This method was therefore 
used to quantify the degree of dehydration caused by acetone[38]. 
Also, the glass transition temperature (Tg) of the polymer can be 
used for the same purpose given that the presence of entrapped 
water molecules (bounded by H-bonding) acts as a plasticizerthat 
decreases Tg of polymer[39]. These parameters were measured to 
evaluate the effect of acetone on the hydration state of the processed 
polymer.Table 3 summarizes the data obtained from the integrated 
peak between 20-125°C and Tg determination. 
 
Table 3: DSC results of HPMC powder and microparticle formulations 
Formulations Precipitation 
method 
DSC Integrated peak20-125°C (mJ) Glass transition temperature 
(Tg °C) 
HPMC (A) - 697.81 168.5 
B (gelled HPMC,200ml acetone) GAH 169.88 187.7 
C (gelled HPMC, 100ml acetone) GAH 230 182.6 
D (gelled HPMC, 50ml acetone) GAH 279 179 
E (gelled HPMC, 200ml acetone) DAM 300.81 179 
F (gelled HPMC, 100ml acetone) DAM 344.64 176 
G (gelled HPMC, 50ml acetone) DAM 350.12 172 
H (gelled HPMC, 200ml acetone) DAH 233.53 185.1 
I (gelled HPMC, 100ml acetone) DAH 233.76 182..4 
J (gelled HPMC, 50ml acetone) DAH 305.66 181 
K (HPMC powder+ 10ml DW+ 200ml acetone) NG  496.66 176.7 
L (HPMC powder+200 ml acetone) DAM 692.01 168.6 
 
The smallest quantity of water was detected in microparticles 
formed by the GAH method, where it was noted that as the volume of 
acetone used increased, the efficiency of water removal also 
increased. A similar trend for acetone volume was observed for both 
the DAM and DAH methods, although neither was as efficient as the 
GAH method. Direct addition of HPMC powder to acetone, produced 
no change in water content compared with untreated HPMC powder, 
while the technique employing transient exposure to water followed 
by acetone, revealed a modest decrease in water content when 
compared to HPMC alone.  Formulations B, C and D prepared by GAH 
method using 200 ml, 100 ml and 50 ml acetone respectively, 
produced integrated peaks of 169.88 mJ, 230 mJ and 279 mJ, and Tg 
values of 187.74 °C, 182.66 °C and 179 °C respectively. This is may 
be a result of the dehydration effect of acetone causing a decrease in 
the water content and increasing the Tg of the HPMC matrix[40], 
further supporting the observation that preparation of an aqueous 
gel prior to acetone dehydration was an important factor in more 
efficient polymer dehydration. 
Water uptake measurement using DVS 
Moisture uptake was studied in order to further understand the 
bioadhesion behavior of processed microparticle formulations shows 
the correlation between acetone volume, processing method and 
resultant maximum vapor sorption at 95% RH using DVS assessment.  
It was observed that the sample containing the least water following 
processing (formulation B), demonstrated the lowest capacity for 
water uptake during the study. This result was unexpected as it 
would be supposed that the more dehydrated formulation would be 
more susceptible to water uptake[5,41].  
Equally important are the data points for 200 ml acetone of 
formulations B (GAH method), E (DAM method) and H (DAH 
method), where the effect of processing on vapor sorption capability 
of the particles are striking, and the previous “water history” of 
HPMC appears to dictate the capability to uptake moisture. For 
example, direct addition of acetone to HPMC powder (formulation L, 
DAM method) reduces its vapor sorption potential in comparison to 
unprocessed HPMC powder. 
 
Fig. 5: Mass change in response to vapor sorption 
 
If HPMC is fully hydrated as a gel before forming microparticles, then 
the vapor sorption capability is further reduced, and is dependent on 
the efficiency of the dehydration process with acetone. Mixing and 
method of addition of components therefore has a pronounced 
effect. However, this finding was not the same as other reports, in 
which the fully hydrated HPMC as a gel before dehydration using 
lyophilization displayed either more increment in mass [42] or 
absorbed the same water vapor (over 50%) of its dry weight when 
compared to HPMC powder [43].Therefore the current finding 
requires further study using NMR which will be performed in the 
following section [44].  
Nuclear magnetic resonance spectroscopy 
In order to elucidate the effect of processing method on the results 
previously observed, the NMR spectra of these formulations were 
obtained. The standard spectrum of HPMC powder was compared 
with microparticle formulations. The value of peak area between 3 - 
5 ppm was integrated, representing the number of protons or 
hydrogens of HPMC; H-bonding groups [45] in relation to the area of 
peak at approximately 1.14 ppm, representing methyl protons of the 
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hydroxypropyl group of HPMC, with an integration value of 1 as 
described by Gilard et al[46]. Any increase or decrease in the 
integration of this area indicates a change in the water content. The 
peak area for unprocessed HPMC was 8.104.  The techniques used in 
this work might produce chemical changes in the HPMC instead of 
water content changes, so another analysis was performed at 1.1-1.2 
ppm (methyl protons of the hydroxypropyl group), and was used as 
an indication of any chemical shift in the HPMC spectrum for 
processed formulations[46].  
Table 4 summarizes these data. 
 
Table 4: NMR results of all processed formulations in comparison to HPMC 
Formulation Precipitation method Number of protons at 3-5 ppm Integration of peak at 1.1-1.2 ppm 
A (HPMC) - 8.104 1.143 
B (gelled HPMC,200ml acetone) GAH 7.532 1.151 
C (gelled HPMC, 100ml acetone) GAH 7.748 1.152 
D (gelled HPMC, 50ml acetone) GAH 8.098 1.152 
E (gelled HPMC, 200ml acetone) DAM 8.043 1.145 
F (gelled HPMC, 100ml acetone) DAM 8.603 1.145 
G (gelled HPMC, 50ml acetone) DAM 9.613 1.152 
H (gelled HPMC, 200ml acetone) DAH 7.832 1.146 
I (gelled HPMC, 100ml acetone) DAH 8.167 1.145 
J (gelled HPMC, 50ml acetone) DAH 8.311 1.152 
L (HPMC powder+200 ml acetone) DAM 8.031 1.151 
 
As can be observed in values of the peak between 1.1-1.2 ppm, no 
chemical changes were introduced as a result of processing HPMC. 
There was however changes observed in the integration values of 
the area between 3 - 5 ppm, which showed a similar trend to that 
discussed in the previous sections. Processing of HPMC using 
different precipitation techniques (GAH, DAM and DAH) produced 
removal of entrapped or bound water molecules (dehydration). This 
effect was most pronounced for the GAH technique (B, number of 
protons 7.532) in comparison to DAH (H, number of protons 7.832) 
and DAM (E, number of protons 8.043) when a fixed volume of 
acetone was used (200ml). As the volume of acetone decreased, the 
dehydration efficiency decreased and the number of protons of 
entrapped water molecules increased (bounded by H-bonds with 
HPMC) as shown in DAM formulations; E (8.043), F (8.603) and G 
(9.613). Direct addition of HPMC powder to acetone in formulation L 
produced a slight change in water content compared with untreated 
HPMC powder. 
From these findings it was suggested that the presence or absence of 
water produced changes in the H-bonding of HPMC. Since the 
volumes of acetone used, the presence or absence of water and the 
forms of HPMC to be precipitated were different from one 
formulation to another, in addition, different precipitation 
techniques were used as GAH, DAM and DAH, these might cause 
changes in the dehydration extent and H-bonding orientation of each 
formulation in comparison to others.  
GENERAL DISCUSSION 
Formulation B represents the exposure of a gelled HPMC to acetone, 
using the most efficient mixing process, and the slowest (dropwise) 
rate of addition of the gel to the acetone (GAH method). It would be 
expected therefore, that the interaction of acetone and water would 
be instantaneous and complete, resulting in an extremely efficient 
dehydration process. Surprisingly, despite this state of dehydration 
as evidenced by DSC, formulation B demonstrated the lowest affinity 
for moisture following processing as evidenced by DVS. Interestingly 
this formulation also afforded the highest bioadhesion score in the 
test employed, which was designed to represent the dynamic 
interplay of hydration, entanglement of polymer and mucin, and 
rheological flow which a formulation would experience on the nasal 
mucosal surface. In the current work, it is hypothesized that the 
rapid dehydration of the HPMC gel resulted in a collapse of the 
matrix structure, forming a physical barrier to subsequent 
rehydration (SEM image, Figure 4a). With the other formulations 
and processes employed, less efficient interaction with acetone 
resulted in higher residual water content after processing, which 
allowed maintenance of a more open polymer structure, thereby 
facilitating future moisture uptake. So the improvement in the 
bioadhesion of HPMC powder grade K100LV resulted from the 
collapsed structure, therefore having fewer groups available for 
hydrophilic interactions which were the cause of rapid hydration 
and sliding over mucin-agar adhesion medium, losing its 
bioadhesive property.  
CONCLUSION 
A method for preparing HPMC bioadhesive microparticles for nasal 
route was developed using an aqueous-organic co-precipitation 
technique. The presence of the solvent, acetone, caused dehydration of 
the HPMC polymer, and the degree of dehydration depended on the 
volume of acetone used as a precipitating medium. As the volume of 
precipitating agent increased in order of 50 < 100 < 200 ml, its 
dehydration effect on the water molecules of HPMC aqueous gel 
increased. This effect was most noticeable with the dehydration of 
HPMC gel formulations, but was also observed to a slight extent when 
HPMC was treated as powder with acetone. The processing method 
employed for preparation of particles was also found to significantly 
affect the properties. The dehydration of the aqueous gel was most 
efficient when the gel was added dropwise to a highly agitated system. 
Less efficient mixing and/or lower volumes resulted in less efficient 
dehydration. Surprisingly, the most efficient dehydration resulted in 
the lowest potential for subsequent uptake of moisture, and the 
highest bioadhesive performance in the dynamic test employed. A 
hypothesis has been developed to explain the counter-intuitive 
behavior in response to efficiency of dehydration, residual moisture 
and future affinity for moisture. The most remarkable accomplishment 
of this work is the development of an aqueous-organic precipitation 
technique to formulate bioadhesive microparticles for nasal 
administration using low viscosity grade of HPMC (K100LV). So HPMC 
microparticle formulation (B) might be a respectable bioadhesive 
carrier for sustained, systemic and localized release of drug molecules 
through nasal administration.  
CONFLICT OF INTERESTS 
Declared None 
ACKNOWLEDGMENTS 
The authors would like to thank Iraqi government for their 
funding.The authors also acknowledge the help and necessary 
facilities provided by Strathclyde Institute of Pharmacy and 
Biomedical sciences/University of Strathclyde/UK to achieve this 
work. 
REFERENCES  
1. Lansley AB, Martin GP: Nasal drug delivery. in Hillery AM, 
Lloyd AW, Swarbrick J (eds): Drug Delivery and Targeting for 
Pharmacists and Pharmaceutical Scientists.  London: Taylor & 
Francis, 2001, p.215-43. 
2. Corbo GM, Foresi A, Bonfitto P, Mugnano A, Agabiti N, Cole PJ. 
Measurement of nasal mucociliary clearance. Arch Dis Child 
1989;64:546-50. 
3. Stanley PJ, Wilson R, Greenstone MA, MacWilliam L, Cole PJ. 
Effect of cigarette smoking on nasal mucociliary clearance and 
ciliary beat frequency. Thorax 1986;41:519-23. 
4. Lee JW, Park JH, Robinson JR. Bioadhesive-based dosage 
forms:the next generation. J Pharm Sci 2000;89:850-66. 
Issraa et al. 
Int J Pharm Pharm Sci, Vol 6, Issue 7, 225-231 
 
231 
5. Nakamura K, Maitani Y, Lowman AM, Takayama K, Peppas NA, 
Nagai T. Uptake and release of budesonide from mucoadhesive, 
pH-sensitive copolymers and their application to nasal 
delivery. Journal of controlled release:official journal of the 
Controlled Release Society 1999;61:329-35. 
6. McInnes FJ, O'Mahony B, Lindsay B, Band J, Wilson CG, Hodges 
LA, Stevens HN: Nasal residence of insulin containing 
lyophilised nasal insert formulations, using gamma 
scintigraphy. Eur J Pharm Sci 2007;31:25-31. 
7. Mortazavi AS, Smart JD, J. An investigation into the role of 
water movement and mucus gel dehydration in mucoadhesion. 
J Control Release 1993;25:197-203. 
8. Smart JD, Kellaway IW, Worthington HE. An in-vitro 
investigation of mucosa-adhesive materials for use in 
controlled drug delivery. J Pharm Pharmacol 1984;36(5):295-9. 
9. Andrews GP, Laverty TP, Jones DS. Mucoadhesive polymeric 
platforms for controlled drug delivery. Eur J Pharm Biopharm 
2009;71(3):505-18. 
10. Dyvik K, Graffner C. Investigation of the applicability of a 
tensile testing machine for measuring mucoadhesive strength. 
Acta Pharm Nord 1992;4(2):79-84. 
11. Jadhav KR, Gambhire MN, Shaikh IM, Kadam VJ, Pisal SS. Nasal 
drug delivery system-factors affecting and applications. Cur 
Drug Therapy 2007;2:27-38. 
12. McInnes F, Thapa P, Stevens HNE, Baillie AJ, Watson DG, Nolan 
A, Gibson I: Nasal absorption of nicotine in sheep from a 
lyophilised insert formulation. In AAPS Conference. US, AAPS 
PharmSci, 2000. 
13. Pennington AK, Ratcliffe JH, Wilson CG, Hardy JG, J. The 
influence of solution viscosity on nasal spray deposition and 
clearance. Int J Pharm 1988;43:221-4. 
14. Furubayashi T, Inoue D, Kamaguchi A, Higashi Y, Sakane T. 
Influence of formulation viscosity on drug absorption following 
nasal application in rats. Drug Metab Pharmacokinet 
2007;22(3):206-11. 
15. Zaki NM, Awad GAS, Mortada ND, Abd ElHady SS. Rapid-onset 
intranasal delivery of metoclopramide hydrochloride. Part I. 
Influence of formulation variables on drug absorption in 
anesthetized rats. Int J Pharm 2006;327(1-2):89-96. 
16. McInnes F, Baillie AJ, Stevens HNE. The use of simple dynamic 
mucosal models and confocal microscopy for the evaluation of 
lyophilised nasal formulations. J Pharm Pharmacol  
2007;59(6):759-67. 
17. Chaturvedi M, Kumar M, Pathak K. A review on mucoadhesive 
polymer used in nasal drug delivery system. J Adv Pharm 
Technol Res 2011;2(4):215-22. 
18. Hou Q, Chau DY, Pratoomsoot C, Tighe PJ, Dua HS, Shakesheff 
KM, Rose FR: In situ gelling hydrogels incorporating 
microparticles as drug delivery carriers for regenerative 
medicine. J Pharm Sci 2008;97:3972-80. 
19. Siepmann J, Siepmann F. Microparticles used as drug delivery 
systems. Prog Colloid Polym Sci 2006;133:15-21. 
20. De Ascentiis A, Bettini R, Caponetti G, Catellani PL, Peracchia 
MT, Santi P, Colombo P: Delivery of nasal powders of beta-
cyclodextrin by insufflation. Pharm Res 1996;13:734-8. 
21. Wermeling DP, Miller JL: Intranasal drug delivery. in Rathbone 
MJ, Hadgraft J, Roberts MS (eds): Modified-Release Drug 
Delivery Technology.  New York: M. Dekker, 2003, p.727-48. 
22. Dandge HB, Dehghan MHG, J. Formulation and evaluation of 
nasal mucoadhesive microparticles of diltiazem hydrochloride. 
Int J Chem Tech Res 2009;1:1036-42. 
23. Harikarnpakdee S, Lipipun V, Sutanthavibul N, Ritthidej GC. 
Spray-dried mucoadhesive microspheres:preparation and 
transport through nasal cell monolayer. AAPS PharmSciTech 
2006;7(1):E12. 
24. Hascicek C, Gonul N, Erk N. Mucoadhesive microspheres 
containing gentamicin sulfate for nasal administration: 
preparation and in vitro characterization. Farmaco 2003;58:11-6. 
25. Lim ST, Forbes B, Martin GP, Brown MB. In vivo and in vitro 
characterization of novel microparticulates based on hyaluronan 
and chitosan hydroglutamate. AAPS PharmSciTech 2001;2(4):20. 
26. Lim ST, Martin GP, Berry DJ, Brown MB. Preparation and 
evaluation of the in vitro drug release properties and 
mucoadhesion of novel microspheres of hyaluronic acid and 
chitosan. J Control Release 2000;66(2-3):281-92. 
27. Swamy NGN, Abbas Z. Preparation and in vitro characterization 
of mucoadhesive hydroxypropyl guar microspheres containing 
amlodipine besylate for nasal administration. Indian J Pharm 
Sci 2011;73(6):608-14. 
28. Ramteke KH, Jadhav VB, Dhole SN: Microspheres: as carriers used 
for novel drug delivery system IOSRPHR 2012;2:44-8. 
29. Swamy NG, Abbas Z. Preparation and in vitro characterization of 
mucoadhesive polyvinyl alcohol microspheres containing 
amlodipine besylate for nasal administration. IJPER 2012;46:52-8. 
30. Yeo Y, Baek N, Park K. Microencapsulation methods for delivery 
of protein drugs. Biotechnol Bioprocess Eng 2001;6:213-30. 
31. Rowe RC, Sheskey PJ, Weller PJ: Hypromellose. in Rowe RC, 
Sheskey PJ, Weller PJ (eds): Handbook of Pharmaceutical 
Excipients London: Pharmaceutical Press and American 
Pharmaceutical Association, 2003, p.326-29. 
32. Yamashita K, Nakate T, Okimoto K, Ohike A, Tokunaga Y, Ibuki 
R, Higaki K, Kimura T: Establishment of new preparation 
method for solid dispersion formulation of tacrolimus. Int J 
Pharm 2003;267:79-91.. 
33. Bertram U, Bodmeier R. In situ gelling, bioadhesive nasal inserts for 
extended drug delivery:in vitro characterization of a new nasal 
dosage form. Eur J Pharm Biopharm 2006;27(1):62-71. 
34. McInnes F, Baillie AJ, Stevens HNE: Quantification of adhesion 
of lyophilised HPMC formulations using a novel dynamic 
adhesion test. In AAPS Conference. US, AAPS Pharm Sci, 2001. 
35. Okhamafe AO, York P. Interaction Phenomena in some 
Aqueous-Based Tablet Coating Polymer Systems. Pharm Res 
1985;2(1):19-23. 
36. Shukla SK. Study of solvent-solvent interaction by paper 
chromatography II. Acetone water system Chromatographia 
1973;6:463-7. 
37. Katzhendler I, Mäder K, Friedman M. Structure and hydration 
properties of hydroxypropyl methylcellulose matrices 
containing naproxen and naproxen sodium. Int J Pharm 
2000;200(2):161-79. 
38. Bruni G, Milanese C, Bellazzi G, Berbenni V, Cofrancesco P, 
Marini A, Villa M: Quantification of drug amorphous fraction by 
DSC. J Therm Anal Cal 2007;89:761–6. 
39. Laksmana FL, Kok PJAH, Frijlink HW, Vromans H, Van der Voort 
Maarschalk K. Using the internal stress concept to assess the 
importance of moisture sorption-induced swelling on the 
moisture transport through the glassy HPMC films. AAPS 
PharmSciTech 2008;9(3):891-8. 
40. Anuar NK, Wui WT, Ghodgaonkar DK, Taib MN. 
Characterization of hydroxypropylmethylcellulose films using 
microwave non-destructive testing technique. J Pharm Biomed 
Anal 2007;43(2):549-57. 
41. Alur HH, Pather SI, Mitra AK, Johnston TP. Transmucosal 
sustained-delivery of chlorpheniramine maleate in rabbits 
using a novel, natural mucoadhesive gum as an excipient in 
buccal tablets. Int J Pharm 1999;188(1):1-10. 
42. Alfadhel M, Puapermpoonsiri U, Ford SJ, McInnes FJ, van der 
Walle CF. Lyophilized inserts for nasal administration 
harboring bacteriophage selective for Staphylococcus aureus:in 
vitro evaluation. Int J Pharm 2011;416(1):280-7. 
43. McInnes FJ, Thapa P, Baillie AJ, Welling PG, Watson DG, Gibson 
I, Nolan A, Stevens HN: In vivo evaluation of nicotine 
lyophilised nasal insert in sheep. Int J Pharm 2005;304:72-82. 
44. Holzgrabe U, Wawer I, Diehl B: MR Imaging and MR 
Spectroscopy. in Wawer I (ed): NMR spectroscopy in drug 
development and analysis.  Weinheim; Chichester: Wiley-VCH, 
1999, p.257-86.. 
45. Aloorkar NH, Bhatia MS. Synthesis, characterization and evaluation 
of effect of chemical modification of hydroxypropyl methylcellulose 
on drug release. Der Pharmacia Lettre 2010;2(4):509-19. 
46. Gilard P, Pope C, Bore P: Appendix: Spectral Libraries in Bore P 
(ed): Cosmetic analysis: selective methods and techniques.  
New York: Marcel Dekker INC, 1985, p.436-7.. 
 
